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(54) Pressure limiting device 

(57) An apparatus for limiting the pressure of infla- 
tion fluid injected into one or more balloon of a catheter 
device comprising a reservoir chamber having an inlet 
port coupled in fluid communication with an infla- 
tion/deflation device and a plurality of outlet ports cou- 
pled in fluid communication with a plurality of cylindrical 
housings. Each cylindrical housing includes a pressure 
chamber and a valve chamber. The valve chamber 
receives a piston moveable between a fully open posi- 
tion and a closed position and spring biased toward the 
fully open position. Each housing includes an outlet port 
coupled in fluid communication with a separate balloon 
of a catheter device. Each piston includes an internal 

74 -ir- 70 



flow path which enables the flow of pressurized inflation 
fluid from the reservoir chamber to the balloon catheter 
when the pressure of the inflation fluid within the balloon 
is below the desired cut-off pressure. As the pressure of 
the inflation fluid within each balloon increases, the 
associated piston is urged toward its closed position. 
When the inflation fluid within the each balloon reaches 
the predetermined cut-off pressure level, the associated 
piston moves to the closed position and cuts-off the flow 
of inflation fluid from the reservoir chamber to the 
respective balloon. 
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Description 

RELDOFINA^NTION^ - 

[0001] The present invention relates to a valve appa- 
ratus for limiting the pressure of inflation fluid injected 
into one or more balloons of a catheter device. 

BACKGFK}UND AND OBJECTS OF THE INVENTION 

[0002] Various Isalioon catheter designs have been 
developed for use in a wide range of medical catheteri- 
zation procedures. Such catheterization procedures 
include angioplasty dilatation, stent delivery; and local- 
ized drug delivery. 

[0003] Balloon catheters for angioplasty dilatation 
generally comprise an elongated catheter tube having 
proximal and distal ends, and an expandable balloon 
located at the distal end of the catheter tube. The cath- 
eter tube includes one or more lumens extending longi- 
tudinally throughout essentially the entire length of the 
tube. In its basic form, at least one of the lumens func- 
tions as a conduit for the flow of inflation fluid from the 
proximal end of the catheter tube to the interior of the 
balloon. When it is desired to inflate the balloon, pressu- 
rized inflation fluid is injected into the proximal end of 
the inflation lumen via a syringe or other pressure infu- 
sion device. 

[0004] Balloon dilatation catheters are frequently used 
to dilate blood vessels restricted by an atherosclerotic 
lesion or stenosis. To this end, a balloon dilatation cath- 
eter is introduced Into a patient's vascular system such 
that the dilatation balloon is positioned across the area 
of a narrowing. Inflation fluid is then injected through the 
catheter tube lumen and into the balloon. The balloon 
expands to press against and open the narrowed por- 
tion of the blood vessel. 

[0005] The success of such a dilatation procedure 
largely depends on the proper inflation of the balloon, 
thus requiring great skill on the part of the administering 
physician. Should the physician provide too little pres- 
sure in injecting the inflation fluid into the catheter, the 
balloon will not inflate to the extent necessary and the 
dilatation will be insufficient. However, should the physi- 
cian inject the inflation fluid into the catheter at too great 
of a pressure, the balloon will over-inflate thereby creat- 
ing the danger of trauma to the blood vessel wall. More- 
over, should the inflation fluid be injected at an 
excessively high pressure level, the balloon may burst. 
[0006] As identified above, another balloon catheter 
procedure involves the delivery of a stent within a 
patient's vasculature. Stent delivery procedures are 
commonly employed in conjunction with angioplasty dil- 
atation procedures, such as the one desaibed above 
for treatment of a stenosis. It has been found that a ste- 
nosis is susceptible to collapse or restenosis following 
an angioplasty dilatation procedure. Thus, such angi- 
oplasty dilatation procedures are frequently followed by 



the implantation of a stent to prevent collapse of the ste- 
nosis or restenosis. During such a stent delivery proce- 
dui^the^tenosisisnopen^ 
dilatation balloon catheter. Next, a stent having a 

5 reduced outer diameter and can-ied about an expansion 
balloon, is positioned within the opened stenosis. Then, 
the expansion balloon is inflated with pressurized fluid 
to expand the outer diameter of the stent into engage- 
ment with the stenosis. It will be understood that 

10 because an expansion balloon is inflated with pressu- 
rized fluid to implant the stent at the stenosis, the same 
problems described above with regard to the proper 
inflation of a dilatation balloon also apply to the inflation 
of an expansion balloon for a stent delivery catheter. 

75 Namely, if the balloon is under-inflated, the stent may 
not be properly implanted. Conversely, if the balloon is 
over-inflated, the stent may cause trauma to the vessel 
walls or the balloon may burst. 
[0007] Further, recent balloon catheter designs have 

20 been developed for treatment of a stenosis using a sin- 
gle catheter device enabling both balloon dilatation and 
stent delivery To this end. such balloon catheters gen- 
erally comprise a catheter tube having at least two bal- 
loons located proximate its distal end. According to this 

25 design, one of the balloons functions as a dilatation bal- 
loon and another functions as an expansion balloon 
which carries a crimped stent. Thus, the combined dila- 
tation/stent delivery procedure is performed by the 
administering physician through the use of only one 

30 catheter device, and not separate angioplasty dilatation 
and stent delivery catheters. However, the atx)ve-identi- 
fied problems with regard to the difficulties in properly 
inflating the dilatation and stent expansion balloons 
remain. Indeed, these problems are compounded to the 

35 extent that there are two or more balloons which must 
be inflated. Further complicating the Isalloon inflation 
procedure is that different inflation pressures may be 
required for each of the balfoons. 
[0008] Moreover, other stent delivery balloon catheter 

40 designs have been developed for delivering and 
implanting bifurcated or Y-shaped stents to a bifurcated 
vessel within a patient's vasculature. Generally, such 
stent delivery balloon catheter designs consist of an 
elongated catheter tube having two separate distal 

45 ends, each of which includes an inflation balloon. Fur- 
ther, based on the respective sizes of the branched ves- 
sels of the treatment site, the balloon sizes may vary. In 
practice, a bifurcated stent is crimped into the dual bal- 
loons to obtain a low profile to alfowfor passage through 

50 the patient's vasculature. The dual balloon catheter and 
aimped stent are advanced over guide wires to the 
bifurcated vessel treatment site. The balloons are then 
inflated to expand and secure the Y-shaped stent to the 
bifurcated vessel. In addition to the problems described 

55 above with properly inflating a multiple balloon catheter, 
bifurcated stent delivery balloon catheters present prob- 
lems associated with the simultaneous inflation of multi- 
ple balloons. For example, the simultaneous inflation of 
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multiple balloons typically involves the use of multiple 
sources of pressurized inflation fluid requiring the par- 
ticipation of more than one person. This is particularly 
the case when different sized balloons are used, as the 
inflation fluid must be injected into the various balloons 
at different pressure levels. 

[0009] A third category of balloon catheters is drug 
delivery catheters. Various drug delivery catheter 
designs and procedures have been developed for the 
delivery of therapeutic and/or diagnostic agents to a 
specific site within a patient's vasculature or bodily 
organ. Typically, such drug delivery catheter designs 
include a balloon having a plurality of apertures spaced 
about its surface located at the distal end of a catheter 
tube. The interior of the balloon is in fluid communica- 
tion with an inflation lumen which extends throughout 
the length of the catheter tube. After the balloon has 
been positioned within the patient's vasculature or other 
bodily organ at the treatment site, inflation fluid compris- 
ing a therapeutic or diagnostic agent is injected under 
pressure through the inflation lumen and into the bal- 
loon. The balloon expands under the pressure of the 
inflation fluid and presses against the body wall at the 
treatment site. The pressurized inflation fluid then 
migrates through the apertures in the balloon wall and 
penetrates the tissue wall at the treatment site. The bal- 
loon apertures are sized such that the balloon remains 
pressure-inflated despite the flow of the fluid agent 
through the apertures of the balloon wall. 
[001 0] Perforated balloon drug delivery catheters such 
as the one described above are capable of delivering, a 
wide range of therapeutic and/or diagnostic agents. For 
example, perforated balloon catheters are designed for 
use in conjunction with angioplasty dilatation for treating 
the site of an opened atherosclerotic lesion or stenosis 
with a therapeutic agent such as heparin to inhibit 
unregulated smooth muscle cell proliferation and pre- 
vent restenosis. Alternatively, perforated balloon cathe- 
ters may be used to deliver a drug or agent to dissolve 
a stenosis in an effort to avoid use of angioplasty or 
atherectomy procedures, or to deliver a thrombolytic 
agent to dissolve a clot at the lesion site. In addition, 
perforated balloon catheters may also be used to 
administer antibiotics or anesthetics directly to the treat- 
ment site prior to removal of the catheter. Other agents 
which may be administered through perforated balloon 
catheters include steroids for suppressing inflammation 
in a localized tissue site, anti-neoplastic for treating a 
tumor site, chenfiotherapeutics or any desired mixture of 
individual pharmaceuticals. 

[0011] However, despite the development of this 
broad range of applications for perforated balloon drug 
delivery catheters, improvement in the control of the 
infusion of the inflation fluid to the treatment site is desir- 
able. Typically, the inflation fluid is manually injected into 
the drug delivery balloon catheter by means of a syringe 
device comprising a syringe barrel and plunger. Accord- 
ingly, the rate of infusion of the inflation fluid and pres* 



surization of the balloon depends on the pressure 
applied on the syringe plunger by the administering phy- 
sician. It has been found that the precise control of the 
pressure and rate at which the inflation fluid is injected 

5 into the catheter is inportant. requiring great skill on the 
part of the administering physician. For example, the 
exertion of excessive pressure on the syringe plunger 
by the physician may result in over-pressurization of the 
inflation fluid vwthin the balloon, such over-pressuriza- 

to tion may cause high velocity jetting of the inflation fluid 
through the balloon apertures and possible trauma to 
the interior walls of the patient's vasculature. 
[0012] Moreover, with regard to each of the above- 
described balloon catheters, it has been found that the 

IS use of a pressure gauge to assist the physician does not 
assure precise control of the pressure at which the infla- 
tion fluid is injected into a balloon catheter. For example, 
a drop in the pressure indicated on the pressure gauge 
generally causes the physician to accelerate the move- 

20 ment of the syringe plunger into the syringe barrel, 
thereby resulting in a pressure spike. Any such pressure 
spike may result in over-pressurization of the balloon 
and, consequently, over-inflation of an expansion bal- 
loon or possible high velocity jetting of inflation fluid 

25 through the apertures of a drug delivery balloon. 

[001 3] Thus, there presently exists a compelling and 
recognized need for a valve apparatus which provides a 
safe and reliable means for limiting the pressure of infla- 
tion fluid introduced into a balloon catheter. 

30 [001 4] It is, therefore, a principal object of the present 
Invention to provide an apparatus for limiting the pres- 
sure of inflation fluid introduced into one or more bal- 
loons associated with at least one catheter device. 
[001 5] It is a further object of the present invention to 

35 provide an apparatus which may be selectively adjusted 
to provide different cut-off pressures for the inflation 
fluid injected in separate balloons of a balloon catheter. 
[001 6] It is a further object of the present invention to 
provide an apparatus which enables the use of a single 

40 source of pressurized fluid for the controlled inflation of 
a plurality of balloons associated with one or more bal- 
loon catheters. 

[001 7] It is a further object of the present invention to 
provide an apparatus which enables simultaneous inf la- 
45 tion of a plurality of balloons associated with one or 
more balloon catheters. 

[001 8] It is a further object of the present invention to 
provide an apparatus for use In a drug delivery balloon 
catheter to limit the pressure of inflation fluid introduced 
so into a perforated balloon and prevent high velocity jet- 
ting of inflation fluid through the apertures of the balloon 
wall. 

[001 9] It is a further object of the present invention to 
provide an apparatus for use with a drug delivery bal- 
55 loon catheter which may be selectively adjusted to pro- 
vide different cut-off pressures to accommodate the 
specific flow characteristics of a variety of therapeutic 
and/or diagnostic agents. 
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[0020] Objects and advantages of the invention are 
set fort h in part above and in part below. In addition , 
these and otherobjects and advantages of the InventlonT 
will become apparent herefrom, or may be appreciated 
by practice with the invention, the same being realized 
and attained by means of instrumentalities, combina- 
tions and methods pointed out in the appended claims. 
Accordingly, the present invention resides in the novel 
parts, constructions, an'angements. improvements, 
methods and steps herein shown and described. 

SUMMARY OF THE INVENTION 

[0021] In accordance with the present invention, an 
apparatus is provided for limiting the pressure of infla- 
tion fluid injected into one or more balloons of a catheter 
device during a catheterization procedure. 
[0022] A basic embodiment of the present invention 
comprises an elongated cylindrical housing having a 
bore extending longitudinally between the housing front 
wall and back wall. The bore is dimensioned to form a 
pressure chamber coupled in fluid communication with 
a valve chamber. The valve chamber includes an inlet 
port and outlet port formed in the side wall of the hous- 
ing. The valve chamber inlet port is coupled in fluid com- 
munication with the output port of an inflation/deflation 
device. The valve chamber outlet port is coupled in fluid 
communication with an catheter device inflation lumen 
having a distal end in fluid communication with the inte- 
rior of a balloon. 

[0023] The valve chamber is dimensioned to siidably 
receive a piston, which has a front surface in fluid com- 
munication with the pressure chamber and is longitudi- 
nally moveable within the valve chamber between a fully 
open position and a closed position. The piston includes 
an internal flow path which is configured to enable the 
flow of pressurized inflation fluid from the infiation/defla- 
tiori device, through the piston, and to both the pressure 
chamber and the balloon when the piston is in an open 
position. The piston also includes a seal means which 
functions to cut-off the flow of pressurized inflation fluid 
from the inflation/deflation device to the pressure cham- 
ber and the balloon when the piston is in the closed 
position. The piston is biased in a normally open posi- 
tion by a spring exerting a predetermined force on the 
back surface of the piston. The piston is moveable 
within the valve chamber from the normally open posi- 
tion to the closed position under the counteracting force 
verted on the front surface of the piston by the pres- 
sure of the inflation fluid residing in the pressure cham- 
ber. To this end, as the pressure of the inflation fluid 
within the pressure chamber and balloon increases, the 
piston is urged toward the closed position against the 
predetermined spring force. The spring force is selected 
such that when the pressure of the inflation fluid within 
the balloon and pressure chamber reaches a maximum 
allowable pressure, the piston is urged to the closed 
position and flow of inflation fluid from the to infla- 



tion/deflation device to the balloon is discontinued. 

[0024] In a prefen-ed embodiment o f the present 

invention, the apparatus may be modifiecl to enable" 
independent control of the pressurization of multiple 

5 balloons with a single source of inflation fluid. The pre- 
ferred embodiment comprises a reservoir chamber hav- 
ing an input port coupled in fluid communication with the 
inflation/deflation device and a plurality of outlet ports, 
each of which is coupled in fluid communication with a 

10 separate elongated cylindrical housing. Each of the 
cylindrical housings has the same general construction 
as the cylindrical housing described above in the basic 
embodiment of the present invention, with exception 
that the valve chamber outlet port for each cylindrical 

15 housing is coupled in fluid communication with a sepa- 
rate balloon. Further, the biasing forces exerted by the 
spring within each cylindrical housing may be independ- 
ently selected to provide different maximum allowable 
pressure levels for each balloon. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0025] 

25 FIG. 1 is a schematic drawing showing a plan view 
of a bifurcated stent delivery balloon catheter to 
which the present invention may be applied; 
FIG. 2 is a longitudinal cross-sectional view of a sin- 
gle port embodiment of the present inventfon, 

30 wherein the piston is in an open position; 

FIG. 3 is a longitudinal cross-sectional view of the 
embodiment of the present invention shown in FIG. 
2, wherein the piston is approaching a closed posi- 
tion; 

35 FIG. 4 is a longitudinal cross-sectional view of the 

embodiment of the present invention shown in FIG. 

2, wherein the piston is in a closed position; 

FIG. 5 is a longitudinal plan view of a dual port 

embodiment of the present invention; 
40 FIG. 6 is a longitudinal cross-sectional view of the 

embodiment of the present invention shown in FIG. 

5, wherein tiie pistons in both the upper chamber 

and tiie lower chamber are in open positions; 

FIG. 7 is a longitudinal cross-sectional view of the 
45 embodiment of the present invention shown in FIG. 

5. wherein tiie piston in the lower chamber is 

approaching a closed position; 

FIG. 8 is a longitudinal cross-sectional view of tiie 

embodiment of the present invention shown in FIG. 
50 5. wherein the piston in the lower chamber is in a 

closed position and the piston in the upper chamber 

is approaching a closed position; and 

FIG. 9 is a longitudinal cross-sectional view of ttie 

embodiment of the present invention shown in FIG. 
55 5, wherein pistons in both tiie upper chamber and 

tiie lower chamber are in closed positions. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0026] Referring generally to the embodiments of the 
invention shown in the accompanying drawings, 
wherein like reference numbers refer to like parts 
throughout the various views, the basic principles of the 
broadest aspects of the invention can be appreciated 
from FIGS. 1-7, 

[0027] As shown in FIG. 1 , a balloon catheter 1 0 gen- 
erally comprises a flexible elongate catheter tube 12 
having respective proximal and distal ends, 14 and 16. 
Depending on the particular design and intended use of 
the catheter device, one or more balloons 18 may be 
mounted in various arrangements at the distal end 16 of 
catheter tube 12. For example, the bifurcated stent 
delivery balloon catheter shown in FIG. 1 includes a 
separate balloon 18 mounted at each of the bifurcated 
distal ends of catheter tube 12. Catheter tube 12 
includes separate inflation lumens (not shown) extend- 
ing longitudinally throughout essentially its entire length 
from proximal end 14 to the interior of each balloon 18, 
and providing fluid communication therebetween. A 
manilbki 20 is coupled to the proximal end 14 of cathe- 
ter tube 12. Manifold 20 includes one or more injection 
ports 22, each of which is coupled in fluid communica- 
tion with a separate inflation lumen. Injection ports 22 
are adapted to be sealingly coupled to an inflation/defla- 
tion device, such as a syringe (not shown). 
[0028] The pressure limiting device of the present 
invention (generally designated as 2) provides a means 
for limiting the pressure of Inflation fluid injected from an 
inflation/deflation device to a balloon catheter. To this 
end, pressure limiting device 2 is preferably coupled in 
fluid communication between the inflation/deflation 
device and manifold 20. Alternatively, pressure limiting 
device 2 may be positioned at any other point in fluid 
communication between the inflation/deflation device 
and balloon 18. For example, pressure limiting device 2 
may be positioned between manifold 20 and catheter 
tube proximal end 14. 

[0029] Refening now to FIG. 2, the present invention 
is illustrated in a basic form comprising a single port 
embodiment for limiting the pressure of inflation fluid 
injected to a single balloon. This embodiment of the 
present invention comprises an elongated cylindrical 
housing 30 having a proximal end 32 and a distal end 
34. The proximal end of housing 30 includes an input 
port 36 in the form of a male Luer fitting, which is 
designed to provide fluid tight engagement with an infla- 
tion/deflation device, such as a syringe. Housing 30 fur- 
ther includes a bore 38 extending longitudinally from 
proximal end 32 to distal end 34, wherein bore 38 com- 
prises four interconnecting sections. A first section 
extends from proximal end 32 to annular shoulder 50 
and forms an inlet chamber 40. A second section 
extends for annular shoulder 50 to annular shoukJer 52 
and defines a passageway 42. A third section extends 



from annular shoulder 52 to annular shoulder 54 and 
forms a pressure chamber 44. Finally, a fourth section 
extends from annular shoulder 54 to open distal end 34 
and forms a valve chamber 46. 

5 [0030] Inlet chamber 40 includes a one way pressure 
relief valve 56 to regulate tiie flow of inflation fluid 
between pressure chamber 44 and inlet chamber 40. As 
shown in FIG. 2, pressure relief valve 56 may comprise 
an etastomeric disk, which is normally seated in fluid 

10 tight engagement with annular shoulder 50. In its nor- 
mal position, seated in fluid tight engagement with 
annular shoulder 50. valve 56 functions to prohibit the 
flow of inflation fluid from inlet chamber 40 to passage- 
way 42. However, should the pressure within pressure 

15 Chamber 44 exceed tiie pressure witiiin inlet chamber 
40. such as when a vacuum pressure is applied to inlet 
chamber 40, pressure relief valve 56 will become 
unseated from annular shoukier 50 and penmit tiie flow 
of inflation fluid from pressure chamber 44, through pas- 

20 sageway 42 and into inlet chamber 40. 

[0031] Valve chamber 46 is preferably cylindrical in 
shape and is dimensioned to slidably receive a cylindri- 
cal piston 70. Valve chamber 46 also includes an inlet 
port 60 and outiet port 62 formed in its side wall. Valve 

25 chamber 46 is coupled in fluid communication with inlet 
chamber 40 by way of port 60 and conduit 64. Furtiier. 
valve chamber 46 is provided in fluid communication 
with output port 37 by way of port 62 and conduit 66. 
Output port 37 is preferably in the form of a female Luer 

30 fitting, which is designed to provide fluid tight engage- 
ment witii an injection port 22 of manifold 20. 
[0032] As further shown in FIG. 2. piston 70 includes 
a bore 74 extending from an inlet 76 formed in tiie pis- 
ton front surface to an outiet 77 formed in the piston side 

35 wall surface. Bore 74 may take one of many different 
routes between inlet 76 and outiet 77. For example, as 
shown in the embodiment illustrated in FIG. 2. bore 74 
may extend from inlet 76 longitudinally ttirough tiie 
center of piston 70 before turning transversely to outiet 

40 77. Alternatively, bore 74 may extend diagonally through 
piston 70, thus forming an essentially straight line path- 
way between inlet 76 and outiet 77. Piston 70 includes 
a second bore 78, which extends transversely from an 
inlet 79 formed in tiie side surface of piston 70 and inter- 

45 connects with bore 74 at a position between inlet 76 and 
outlet 77. 

[0033] Piston 70 is sealingly engaged with the side 
wall of valve chamber 46 by means of four seal rings. 
90, 92, 94 and 96 coupled to the outside side wall sur- 

50 face of piston 70. Referring to FIG. 2. seal ring 90 is dis- 
posed adjacent the front end of piston 70. Seal ring 92 
is disposed along the length of piston 70 at a position 
between seal ring 90 and outlet 79. Seal ring 94 is dis- 
posed along piston 70 at a position between outiet 79 

55 and outlet 77. Finally, seal ring 96 is disposed immedi- 
ately adjacent tiie back end surface of piston 70. 
[0034] As illustrated in FIG. 2. the distal end 34 of 
housing 30 is coupled to a removable cap 80 to provide 
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easy access for servicing, replacing and/or repairing the 
components contained within valve chamber 46. Cap 
80, Includes an annular seat 8211imerisioned"to receive 
the distal end of a helical compression spring 84. The 
proximal end of spring 84 is received within an annular 5 
seat 72 formed on the back surface of piston 70. 
According to this arrangement, spring 84 functions to 
yieldably bias the front surface of piston 70 toward 
annular shoulder 54. It will be understood that a com- 
pression membrane or the like may be used in place of w 
spring 84 to yieldably bias piston 70. 
[0035] In a preferred form of this single port embodi- 
ment, housing 30 and cap 80 are also adjustably cou- 
pled such that the longitudinal position of annular seat 
82 within valve chamber 46 may be varied. To this end, is 
the inner side wall of cap 80 is fitted with a screw thread 
which is designed to mate with a complementary screw 
thread fitted on the outer side wall of housing 30. It will 
be understood that by rotating cap 80 relative to hous- 
ing 30. and thereby varying the longitudinal position of 20 
annular seat 82 within valve chamber 46. the biasing 
force exerted by spring 84 on piston 70 can be either 
increased or decreased. 

[0036] Referring now to FIGS. 2 and 4, piston 70 is 
longitudinally dimensioned in relation to valve chamber 25 
46. such that when piston 70 is in a fuliy-open position 
(as shown in FIG. 2), its back end extends to a position 
whereby seal ring 96 remains engaged with the inner 
side wall of valve chamber 46 to the distal side of port 
62. Further, inlet 79 and outlet 77 of piston 70 are posi- 30 
tioned relative to ports 60 and 62 of valve chamber 46 
such that, when piston 70 is in the fully open position 
shown in FIG. 2. inlet 79 Is aligned in fluid communica- 
tion with port 60 and outlet 77 is aligned in fluid commu- 
nication with port 62. Moreover, as shown in Fig. 4, 35 
when piston 70 is in tiie closed position, inl^ 79 is 
aligned in fluid communication with port 64. In addition, 
seal rings 90 and 92 are spaced apart along the length 
of piston 70 such that tiiey form fluid tight seals with the 
side wall of valve chamber 46 about the proximal and 40 
distal sides of port 60,respectively, when the piston is in 
the closed position shown in FIG. 4. It will be under- 
stood tiiat seal rings 90 and 92 can be replaced with a 
single seal ring which is coupled along its side surface 
to the side surface of piston 70 such that it encircles and 45 
provides a fluid tight seal around port 60 when piston 70 
is In the closed position. 

[0037] Spring 84 is designed to prevent piston 70 from 
moving within valve chamber 46 past the closed posi- 
tion shown in FIG. 4, such that seal ring 90 remains &) 
engaged with the inner side wall surface of valve cham- 
ber 46 to the proximal side of port 60. To ensure that pis- 
ton 70 does not move beyond the closed position, 
housing 30 may further include a stop pin 86 which 
extends transversely into valve chamber 46 at a longitu- ss 
dinal position adjacent the distal end of housing 30. To 
this end, stop pin 86. is designed to provide a physical 
obstruction which prevents the movement of piston 70 



10 

witiiin valve chamber 46 beyond the closed position 
shown in FIG. 4. 

[0038] If desired, housing"30"m^inclijcle a vent^ft 
(not shown) for venting air between the portion of tiie 
valve chamber 46 distal piston 70 and the sun-ounding 
atmosphere as piston 70 moves between tiie fully open 
position shown in FIG. 2 and the closed position shown 
in FIG. 4. 

[0039] In operation, the single port pressure limiting 
device embodiment of tiie present invention may be 
coupled in fluid communication between an infla- 
tion/deflation device (not shown), such as a syringe, 
and an indwelling balloon catheter having a balloon 
positioned across the treatment site of the patient's vas- 
culature. According to this arrangement, a syringe is 
coupled in fluid communication with the pressure limit- 
ing device input port 36 and tiie pressure limiting device 
output port 37 is coupled in fluid communication wttii 
injection port 20 of manifold 22. Injection port 20 is fur- 
tiier coupled in fluid communication witti balloon 18 via 
an inflation lumen. 

[0040] Prior to the introduction of pressurized inflation 
fluid from the inflation/deflation device, the maximum 
allowable pressure or cut-off pressure for the pressure 
limiting device is selected by adjusting tiie longitudinal 
position of cap 80 relative to housing 30. To aid in tiie 
setting of a desired cut-off pressure* the outside surface 
of housing 30 may be calibrated with a cut-off pressure 
scale. 

[0041] Referring now to FIG. 2, piston 70 is initially 
maintained in the fully open position under tiie biasing 
force exerted by spring 84, such tiiat tiie piston front 
surface is adjacent annular shoulder 54 and inlet 79 and 
outlet 77 are aligned in fluid communication witii ports 
60 and 62, respectively When tiie device is in this state, 
tiiere is provided a continuous flow path for the inflation 
fluid to pass from input port 36. through inlet chamber 
40. conduit 64, interconnecting bores 74. 78 and con- 
duit 66. and out output port 37. 
[0042] When it is desired to inflate balloon 1 8. inflation 
fluid is injected under pressure from a syringe into input 
port 36. The fluid then travels tiirough inlet chamber 40 
and enters conduit 64. The inflation fluid will continue 
through conduit 64 and into interconnecting bores 78 
and 74. The inflation fluid passing through bore 74 will 
travel bidirectionally toward Inlet 76 and outiet 77. Infla- 
tion fluid passing tiirough bore 74 and outiet 77 will con- 
tinue tiirough conduit 66 before exiting output port 37 
and entering the balloon catheter. Inflation fluid passing 
tiirough bore 74 and inlet 76 will enter pressure cham- 
ber 44 and passageway 42. To the extent that the pres- 
sure of tiie inflation fluid within inlet chamber 40 is equal 
to or greater tiian the pressure of tiie inflation fluid witiiin 
passageway 42, one way valve 56 will prevent the pas- 
sage of fluid from passageway 42 to inlet chamber 40. 
[0043] It will be understood that since pressure cham- 
ber 44 and balloon 18 are coupled in fluid communica- 
tion, tiie pressure of the inflation fluid within pressure 
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Chamber 44 and balloon 18 will be essentially the same. 
Further, the pressure of the inflation fluid within pres- 
sure chamber 44 exerts a force on the front surface of 
piston 70 acting opposite the biasing force of spring 84. 
Thus, as the pressure within balloon 18 and pressure 
chamber 44 increases, the force exerted on the front 
surface of piston 70 by the inflation fluid within pressure 
chamber 44 increases and urges the piston to move 
longitudinally toward the distal end of valve chamber 46 
against the biasing force of spring 84. 
[0044] Referring now to FIG. 3, as the pressure of 
inflation fluid within balloon 18 and pressure chamber 
44 increases and approaches the predetermined cut-off 
pressure, piston 70 will move longitudinally within valve 
chamber 46 away from annular shoulder 54 and toward 
distal end 34. It wilt be understood that, although piston 
70 has moved from the fully-open position shown in 
FIG. 2 to the intermediate position shown in FIG. 3. the 
pressure limiting device still provides a continuous flow 
path between the syringe and balloon catheter. 
[0045] If, however, the pressure of the inflation fluid 
within pressure chamber 44 and balloon 18 further 
increases and reaches the predetermined cut-off pres- 
sure, piston 70 will move longitudinally within valve 
chamber 46 against the biasing force of spring 84 to the 
closed position shown in FIG. 4, When piston 70 
reaches the closed position, seal rings 90 and 92 are 
positioned about the proximal and distal sides of port 
60, thereby cutting off any further flow of pressurized 
inflation fluid from inlet chamber 40 to balloon 18. As 
further shown in FIG. 4, pressure chamber 44 remains 
in fluid communication with balloon 1 8 when piston 70 is 
in the closed position via interconnecting bores 74 and 
78. Therefore, the pressure of the inflation fluid within 
pressure chamber 44 and balloon 18 will renrain essen- 
tially the same. 

[0046] When the present invention is used with a dila- 
tation balloon catheter or stent delivery balloon cathe- 
ter, it will be understood that balloon 18 will be fully 
inflated when piston 70 reaches the closed position. 
After the balloon is fully inflated for the desired length of 
time, the administering physician may deflate the bal- 
loon by applying a vacuum pressure to inlet chamber 
40. Such a vacuum pressure will result in a pressure 
drop between inlet chamber 40 and pressure chamber 
44, whereby pressure relief valve 56 will become 
unseated from annular shoulder 50 and pressurized 
inflation fluid will flow from pressure chamber 44 
' through passage way 42 to Inlet chamber 40. As the 
inflation fluid flows from pressure chamber 44 to inlet 
chamber 40, tiie pressure within pressure chamber 44 
decreases. Thus, tiie force exerted on the front surface 
of piston 70 by tiie inflation fluid remaining within pres- 
sure chamber 44 also decreases and piston 70 is urged 
by spring 84 within valve chamber 46 from the closed 
position shown in FIG. 4 to an open position. Once pis- 
ton 70 moves from the closed position to an open posi- 
tion, inflation fluid flows from balloon 1 8 through the flow 



path provided by conduit 66, interconnecting bores 74, 
78 and conduit 64, to inlet chamber 40. 
[0047] When the single port pressure limiting device is 
used with a dmg delivery catheter having a perforated 
5 balloon, piston 70 will similarly be urged toward the 
closed position as tiie pressure witiiin balloon 18 and 
pressure chamber 44 increases and approaches the 
selected cut-off pressure. Further, should the pressure 
within balloon 18 and pressure chamber 44 reach the 
10 cut-off pressure, piston 70 will move to the closed posi- 
tion, thereby stopping the flow of inflation fluid from inlet 
chamber 40 to balloon 18. However, unlike with the dil- 
atation balloons as described above, after the pressure 
within ttie perforated drug delivery balloon 18 has 
15 reached the predetermined maximum allowable pres- 
sure and piston 70 has moved to tiie closed position, 
ttie inflation fluid will migrate through the balloon aper- 
tures and tiiereby decrease the pressure of the inflation 
fluid witiiin balloon 18 and pressure chamber 44. Any 
20 such decrease in the pressure of the inflation fluid within 
pressure chamber 44 will result in the movement of pis- 
ton 70 from the closed position shown in FIG. 4 to an 
open position, tiiereby permitting f urtiier flow of inflation 
fluid from inlet chamber 40 to balloon 18. Should tiie 
25 pressure of the inflation fluid witiiin balloon 18 again 
reach the cut-off pressure, piston 70 will move to tiie 
closed position and stop any furtiier flow of inflation fluid 
from inlet chamber 40 to balloon 18. 
[0048] In a preferred form of the present invention, the 
30 pressure limiting device comprises a multiple port 
embodiment adapted to provide independent control 
over tiie pressurization of a plurality of balloons with 
inflation fluid introduced from a common source. For 
purposes of illustration, this prefened multiple port 
35 embodiment will be desaibed with reference to a dual 
port pressure limiting device as shown in FIGS. 5-9. 
[0049] Referring to FIG. 5. the preferred dual port 
embodiment comprises a three-part housing structure 
having a central body 124 and two valve bodies, each 
40 designated as 130. Referring now to FIG. 6, central 
body 124 preferably comprises an elongated cylinder 
having a bore 128 extending longitudinally from proxi- 
mal end 125 to distal wall 126. Proximal end 125 
includes an input port 1 36 in the form of a male Luer f it- 
45 ting, which is designed to provide fluid tight engagement 
with an inflation/deflation device, such as a syringe. 
[0050] As shown in FIG. 6. bore 128 comprises tiiree 
interconnecting sections. A first section comprises an 
inlet chamber 140, which extends from proximal end 
50 1 25 to annular shoulder 1 50. A second section extends 
from annular shoulder 150 to annular shoulder 152 and 
forms a transition chamber 141 . A third section extends 
from annular shoulder 152 to distal wall 126 and forms 
a reservoir chamber 143. 
55 [0051] As further shown in FIG. 6, each valve body 
130 is disposed about tiie periphery of central body 
124. Preferably, each valve body 130 comprises an 
elongated cylinder having a proximal wall 132 and a dis- 
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tal end 134. Each valve body 130 further includes a 
bore 138 extend ing longitudinally from proximal wall 
132 to distal endTaSTwhefeirTbore 138 comprises"two 
interconnecting sections. A first section extends from 
proximal wall 132 to annular shoulder 154 and forms a 5 
pressure chamber 144. A second section extends from 
annular shoulder 154 to distal end 134 and defines a 
valve chamber 146. 

[0052] Each valve chamber 146 is preferably cylindri- 
cal in shape and is dimensioned to slidably receive a 10 
cylindrical piston 170. Each valve chamber 146 also 
includes an inlet port 1 60 and an outlet port 162 formed 
in its side wall. As shown in FIG. 6. each valve chamber 
146 is coupled in fluid communication with reservoir 
chamber 143 through inlet port 160 and conduit 164. is 
Further, each valve chamber 146 is provided in fluid 
communication with a separate output port (not shown) 
through outlet port 162 and conduit 166. Each output 
port is preferably in the form of a female Luer fitting, 
which is designed for fluid tight engagement with an 20 
injection port 22 of manifold 20. 
[0053] Each pressure chamber 144 is coupled in fluid 
communication with transition chamber 141 via a con- 
duit 142. Transition chamber 141 includes a one way 
pressure relief valve 1 56 to regulate the flow of inflation ss 
fluid from pressure chamber 144 to transition chamber 

141. As shown in FIG. 6. pressure relief valve 156 may 
comprise an elastomeric annular ring, which is normally 
seated in fluid tight engagement with the side wall of 
transition chamber 141 . In its normal position, seated in 30 
fluid tight engagement with the side wall of transition 
chamber 141 , valve 1 56 functions to prohibit the flow of 
inflation fluid from transition chamber 141 to conduits 

142. However, should the pressure within pressure 
chamber 144 exceed the pressure within transition 35 
chamber 141. such as when a vacuum pressure is 
applied to transition chamber 141 , pressure relief valve 
156 will become unseated from the side wall of transi- 
tion chamber 141 at a position adjacent conduits 142 
and permit the flow of inflation fluid from pressure cham- 40 
bers 144, through conduits 142 and into transition 
chamber 141. 

[0054] Each piston 170 of the preferred dual port 
embodiment shown in FIGS. 6-9 includes a pair of inter- 
connecting bores 174 and 178. Bore 174 extends from 4S 
an inlet 1 76 formed on the front surface of piston 1 70 to 
an outlet 177 formed in the side wall surface of piston 
170. Bore 174 may take one of many different routes 
between inlet 176 and outlet 177. For example, as 
shown in the embodiment illustrated in FIG. 6, bore 1 74 so 
may extend from inlet 176 longitudinally through the 
center of piston 170 before turning transversely to outlet 
177. Bore 178 extends transversely from an inlet 179 
formed in the side wall surface of piston 170 and inter- 
connects with bore 174 at a position between inlet 176 ss 
and outlet 177. 

[0055] Further, each piston 170 is sealingly engaged 
with the side wall of each valve chamber 146 by means 



of four seal rings, 190, 192, 194 and 196 coupled to the 
outside side wall surface of piston 1 70. Refen-ing to FIG. 
'67^Mll'ing"190 Isndlsposed adjacent the front erTd of^ 
piston 1 70. Seal ring 1 92 is disposed along the length of 
piston 170 at a position between seal ring 190 and inlet 
179. Seal ring 194 is disposed along piston 170 at a 
position between inlet 179 and outlet 177. Finally, seal 
ring 196 is disposed immediately adjacent the back end 
surface of piston 170. 

[0056] As illustrated in FIG. 6, the distal end 134 of 
each valve body 1 30 is coupled to a separate removable 
cap 180 to provide easy access for servicing, replacing 
and/or repairing the components contained within valve 
chamber 146. Cap 180, includes an annular seat 182 
dimensioned to receive the distal end of a helical com- 
pression spring 184. The proximal end of spring 184 is 
received within an annular seat 172 formed on the back 
surface of piston 170, According to this arrangement, 
spring 184 functions to yieldably bias the front surface 
of piston 170 toward annular shoulder 154. it will be 
understood that a compression membrane or the like 
may be used in place of spring 184 to yieldably bias pis- 
ton 170. 

[0057] In a preferred form of the dual port embodi- 
ment, each valve body 130 is adjustably coupled to a 
separate cap 180, such that the longitudinal position of 
annular seat 182 witiiin valve chamber 146 may be var- 
ied. To this end, the inner side wall of cap 180 is fitted 
with a screw thread which is designed to mate with a 
complementary screw thread fitted on tiie outer side 
wall of valve body 130. It will be understood that by 
rotating cap 180 relative to valve body 130. and thereby 
varying the longitudinal position of annular seat 182 
witiiin valve chamber 146. the biasing force exerted by 
spring 184 on piston 170 can be either increased or 
decreased. 

[0058] Refen-ing now to FIGS. 6 and 9, piston 170 is 
longitudinally dimensioned in relation to valve chamber 
146, such that when piston 170 is in a fully-open posi- 
tion (as shown in FIG. 6). its back end extends to a posi- 
tion whereby seal ring 196 remains engaged with the 
inner side wall of valve chamber 146 to the distal side of 
outlet port 162. Further, inlet 179 and outiet 177 of pis- 
ton 170 are positioned relative to ports 160 and 162 of 
valve chamber 146 such that, when piston 170 is in the 
fully-open position shown in FIG. 6, inlet 179 is aligned 
in fluid communication witii port 160 and outlet 177 is 
aligned in fluid communication witii port 162. Moreover, 
as shown in Fig. 9. when piston 170 is in the closed 
position, inlet 179 is aligned in fluki communication witii 
port 162. In addition, seal rings 190 and 192 are spaced 
apart along tiie length of piston 170 such that tiiey form 
fluid tight seals with the skfe wall of valve chamber 146 
about the proximal and distal sides of port 160.respec- 
tively. when the piston Is in the closed position shown in 
FIG. 9. It will be understood that seal rings 190 and 192 
may be replaced with a single seal ring coupled on its 
side surface at a position on the side surface of piston 



8 



15 EP0988870A2 16 



1 70 such that the seal ring encircles and provides a fluid 
tight seal about port 160 when piston 170 is In the 
closed position. 

[0059] Spring 184 is designed to prevent piston 170 
from moving within valve chamber 146 past the closed s 
position shown in FIG. 9. such that seal ring 190 
remains engaged with the inner side wall surlace of 
valve chamber 146 to the proximal side of port 160. To 
ensure that piston 170 does not move beyond the 
closed position, each valve body 130 may further 
include a stop pin 186 which extends transversely into 
valve chamber 146 at a longitudinal position adjacent 
the distal end of valve body 130. To this end, stop pin 
186, is designed to provide a physical obstruction which 
prevents the movement of each piston 170 within its 
respective valve chamber 146 beyond the fully-closed 
position shown in FIG. 9. 

[0060] If desired, each valve body 1 30 nray include a 
vent port (not shown) for venting air between the portion 
of the valve chamber 146 distal piston 170 and the sur- 
rounding atmosphere as piston 170 moves between the 
fully-open position shown in FIG. 6 and the closed posi- 
tion shown in FIG. 9. 

[0061] For purposes of illustration only, operation of 
the dual port embodiment will be described with use of 
the bifurcated stent delivery balloon catheter shown in 
FIG. 1. It will be understood that the dual port embodi- 
ment may be used with any other known type of dual 
balloon catheter. In addition, the dual port embodiment 
may also be adapted for use with a single balloon cath- 
eter by setting the cut-off pressure of the unconnected 
valve body to zero. 

[0062] In operation, the preferred dual port embodi- 
ment of the present invention may be coupled in fluid 
communication between an irtflation/dellation device 
(not shown) and an indwelling bifurcated stent delivery 
catheter having two balloons 18 positioned at the deliv- 
ery sites within the patient. According to this arrange- 
ment, a syringe or other suitable inflation/deflation 
device is coupled in fluid communication with the pres- 
sure limiting device input port 136. In addition, each out- 
put port 1 37 of the pressure limiting device is coupled in 
fluid communication with a separate injection port 22 on 
manifold 20 As described above, each injection port 22 
is further coupled in fluid communication with a balloon 
18 via a separate inflation lumen. 
[0063] Prior to the introduction of pressurized inflation 
fluid from the inflation/deflation device, the maximum 
' cut-off pressure for each of the balloons is fixed by 
adjusting the longitudinal position of cap 180 for each 
valve body 130. It will be appreciated that if balloons 18 
differ in size, the dual port embodiment of the present 
invention facilitates independent control of the inflation 
of the balloons by enabling different cut-off pressures 
for each balloon. To ensure accurate setting of the cut- 
off pressures, the outside surface of each valve body 
1 30 may be calibrated with a cut-off pressure scale. For 
purposes of demonstrating the independent pressure 



control feature of the pretended dual port embodiment, it 
will be presumed that, in the working sequence shown 
in FIGS. 6-9. the cut-off pressure for the top valve body 
has been set at 12 Bar and the cut-off pressure for the 
bottom valve body has been set at 8 Bar. 
[0064] Referring now to FIG. 6. pistons 1 70 are initially 
maintained In their fully open positions under the bias- 
ing forces exerted by springs 184. When it is desired to 
simultaneously inflate balloons 18, inflation fluid is 
injected under pressure from a syringe into input port 
36. The pressurized fluid passes through inlet chamber 
140 and transition chamber 141 before entering reser- 
voir chamber 143. The pressurized fluid then travels 
through conduits 164 leading to each valve body 130 
and into interconnecting bores 178 and 174 of each pis- 
ton 170. Once the inflation fluid enters bore 174. a por- 
tion will travel through inlet 176 and into pressure 
chamber 144. whereas the remainder will travel through 
outlet 177 and conduit 166 and eventually into balloon 
18 coupled the respective valve body 130. 
[0065] It will be understood that, because pressure 
chamber 144 and balloon 18 are coupled in fluid com- 
munication throughout the inflation procedure, the pres- 
sure of the inflation fluid witiiin pressure chamber 144 
and balloon 18 will be essentially the same. Further, the 
pressurized inflation fluid witiiin pressure chamber 144 
exerts a force on the front surfeice of piston 170.: which 
acts opposite the biasing force exerted by spring 184. 
Thus, as tiie pressure of the inflation fluid passing from 
reservoir chamber 143 to each of the valve bodies 130 
and balloons 18 increases, each piston 170 will be 
urged longitudinally within its respective valve chamber 
146 in a direction away from annular shoulder 154 and 
toward distal end 134. The extent to which each piston 
170 moves within its valve chamber 146 will depend on 
tiie predetermined cut-off pressure selected for each 
valve body 130. In the present example, since the top 
valve body has been set at a lower cut-off pressure than 
tiie bottom valve body, piston 170 of the top valve body 
will move a greater distance than piston 170 of the bot- 
tom valve body as tiie pressure of the inflation fluid 
within reservoir chamber 143. pressure chambers 144, 
and balloons 18 increases. 

[0066] Referring now to FIG. 7, as the pressure of tiie 
inflation fluid increases and approaches tiie 8 Bar cut- 
off pressure selected for the top valve body, piston 170 
of the top valve body will be urged from the fully pen 
position to a position nearing tiie closed position. Piston 
1 70 of the bottom valve body will be urged from tiie fully 
open position to an intermediate position. While pistons 
170 are in tiie positions shown in FIG. 7. continuous 
f bw paths remain between tiie inflation/deflation device 
and each balloon 18. 

[0067] However, should the pressure of the inflation 
fluid further increase and reach ttie 8 Bar cut-off pres- 
sure selected for the top valve body, piston 170 of tiie 
top valve body will move to the closed position shown in 
FIG. 8. In the closed position, piston 170 and seal rings 
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190 and 192 of the top valve body function to cut-off the 
fl^ of inflation fluid from reservoir chamber 143 to bal- 
'looh l SrSince the pressure of the"inflation fluid is below 
the 1 2 Bar cut-off pressure selected for the bottom valve 
body, piston 1 70 is further urged toward the distal end of 5 
the bottom valve body, but remains in an intermediate 
position. Thus, as shown in FIG. 8 a continuous flow 
path exists between the inflation/deflation device and 
balloon 18 coupled to the bottom valve body 
[0068] Referring now to FIG. 9, should the pressure of 10 
the inflation fluid increase still further and reach the 12 
Bar cut-off pressure selected for the bottom valve body, 
piston 170 of the bottom valve body will move to the 
closed position. In the closed position, piston 170 and 
seal rings 190 and 192 of the bottom valve body func- is 
tion to cut-off the flow of inflation fluid from reservoir 
chamber 143 to balloon 18. 

[0069] After both balloons 18 have been fully inflated 
for the desired length of time such that the bifurcated 
stent is sufficiently secured to the treatment site, the 20 
administering physician may deflate the balloons by 
applying a vacuum pressure to transition chamber 141. 
Such a vacuum pressure within transition chamber 141 
will unseat pressure relief valve 156 from its normal 
position in fluid tight engagement with the side wall of 25 
transition chamber 1 41 . When pressure relief valve 1 56 
is unseated, pressurized fluid within each pressure 
chamber 144 passes through conduits 142 and into 
transition chamber 141 . As the inflation fluid within pres- 
sure chambers 1 44 flows to transition chamber 1 41 , the 30 
pressure within pressure chambers 144 and. conse- 
quently, the force exerted on the front surface of each 
piston 170 decreases. As a result, each piston 170 is 
urged under the force of biasing springs 184 from the 
closed position shown in FIG. 9 toward annular shoulder 35 
154. Once pistons 170 move from the closed position, 
inflation fluid will flow from balloons 18 through the flow 
path provided by conduit 166, interconnecting bores 
174 and 178 and conduits 164 to reservoir chamber 
143. 40 
[0070] While only a few embodiments have been illus- 
trated and described in connection with the present 
invention, various modifications and changes in both the 
apparatus and method will become apparent to those 
skilled in the art. For exannple, white the disclosed 45 
embodiments comprise single and dual port pressure 
limiting devices, the present invention may be nrKXiified 
to simultaneously limit the pressure of inflation fluid 
injected into three or more inflation ports. All such mod- 
ifications or changes falling within the scope of the so 
claims are intended to be included therein. 

Claims 

1. An apparatus for limiting the pressure of inflation ss 
fluid injected from an inflation/deflation device out- 
put port to a balloon catheter, comprising: 



a) a housing having a front wall, a back wall, 
and a side wall, the housing including a valve 
chamberhaving-an-inlet-port-formed-in-the 
housing side wall and coupled in fluki commu- 
nication with the inflationAieflatidn device out- 
put port and an outlet port formed in the 
housing side wall coupled in fluid communica- 
tion with the balloon catheter, and a pressure 
chamber coupled in fluid communication with 
the valve chamber and having an outlet port; 

b) a piston disposed within the valve chamber 
and having a front surface in fluid communica- 
tion with the pressure chamber, a back surface, 
a side surface, a first bore and a second bore, 
wherein the first bore forms a passageway 
extending from an inlet formed in the piston 
side surface to an outlet formed in the piston 
front surface and the second bore forms a pas- 
sageway extending from an inlet formed in the 
piston side surface to an outlet coupled in fluid 
communication with the first bore, the piston 
being movable within the valve chamber 
between an open position wherein the second 
bore inlet is in fluid communication with the 
valve chamber inlet port and the first bore out- 
let is in fluid communication with the valve 
chamber outlet port, and a closed position 
wherein the second bore inlet is in fluid com- 
munication witii the valve chamber outiet port 
and the first port outiet is sealingly closed; 

c) means for yieldably biasing the piston toward 
an open position within the valve chamber, 
wherein the means provides a predetermined 
force, which, when overcome by tiie force 
exerted on tiie piston front surface by the pres- 
surized fluid within the pressure chamber, ena- 
bles movement of the piston within the valve 
chamber from an open position toward the 
closed position; 

d) a first conduit having an inlet end coupled in 
fluid communication with the pressure chamber 
inlet port and an outiet end; 

e) a one-way pressure relief valve operatively 
associated witii the first conduit which prohibits 
the flow of fluid through tiie first conduit to the 
pressure chamber, and permits, when desired, 
the flow of pressurized fluid from the pressure 
chamber tiirough the first conduit and out the 
outiet end of the first conduit; 

f) a first seal means for preventing the flow of 
inflation fluid to a portion of the valve chamber 
extending between tiie piston back surface and 
tiie housing back wall interior surface; and 

g) a second seal means for cutting off the flow 
of inflation fluid from the inflation/deflation 
device output port and into the balloon catheter 
when the piston is in tiie closed position. 
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2. The apparatus according to claim 1. wherein the 
biasing means is one or more springs disposed 
within the portion of the valve chamber extending 
between the piston back suiiace and the housing 
back wall interior surface. s 



9. The apparatus according to daim 8, wherein the 
cap is adjustably coupled to the open back end of 
the body such that the valve chamber length and 
the force exerted on the piston back surfece by the 
biasing means may be varied. 



3. The apparatus according to claim 1, wherein the 
first seal means comprises a resilient 0-ring cou- 
pled to the piston side surface at a position between 

the piston back surface and the piston first bore out- io 
let. 

4. The apparatus according to claim 1, wherein the 
second seal means comprises a pair of resilient O- 
rings coupled along the length of the piston side is 
surface between the piston front surface and the 
piston second bore inlet such that the Orings form 
fluid tight seals between the piston side surfoce and 

the valve chamber side surface at positions imme- 
diately adjacent the proximal and distal sides of the 20 
valve chamber inlet port when the piston is in the 
closed position. 

5. The apparatus according to daim 1. further com- 
prising a vent port formed in the valve chamber for 25 
venting the portion of the valve chamber extending 
between the piston back surface and the interior 
surface of the housing back wall when the piston 
moves between an open position and the closed 
position. 30 

6. The apparatus according to daim 1 . further com- 
prising a stop means operatively assodated with 
the valve chamber for preventing the piston from 
moving within the valve chamber beyond the closed 3S 
position toward the interior surface of the housing 
back wall. 

7. The apparatus according to claim 6. wherein the 
stop means comprises a protrusion extending from 40 
the valve chamber side surface. 

8. The apparatus according to claim 1, wherein the 
housing comprises: 

45 

a) a body having a front wall, an open back 
end, and a side wall, the body including a pres- 
sure chamber positioned adjacent the body 
front wall, an outlet port formed in the pressure 
chamber, a valve chamber extending to the so 
open back end of the body, and an inlet port 
and an outlet port formed in the valve chamber 
side wall; 

b) a cap removably coupled to the open back ss 
end of the body, whereby the cap forms the 
back wall of the valve chamber. 



10. The apparatus according to daim 1. further com- 
prising: 

a) a reservoir chamber having an input port 
adapted to be coupled in fluid communication 
witii the inflation/deflation device output port, 
an outlet port coupled in fluid communication 
witii the inlet end of the first conduit, and an 
inlet port: 

b) a second conduit having an inlet end cou- 
pled in fluid communication with the reservoir 
chamber inlet port and an outlet end coupled in 
fluid communication with the pressure chamber 
outlet port; and 

c) a third conduit coupled at an inlet end in fluid 
communication with the valve chamber outiet 
port and an outiet end adapted to be coupled in 
fluid communication with the balloon catheter. 

11. An apparatus for limiting the pressure of inflation 
fluid injected from an inflation/deflation device out- 
put port to a plurality of balloons associated with 
one or more balloon catheters, comprising: 

a) a reservoir chamber having an input port 
adapted to be coupled in flukJ communication 
with the inflation/deflation device output port 
and a plurality of outlet ports; 

b) a plurality of housings, each housing having 
a front wall, a back wall and a side wall, 
wherein each housing includes a valve cham- 
ber having an inlet port formed in the housing 
side wall and coupled in fluid communication 
with one of tiie reservoir chamber outiet ports 
and an outiet port formed in tiie housing side 
wall coupled in fluid communication witii a bal- 
loon associated with a balloon catheter, and a 
pressure chamber coupled in fluid communica- 
tion witii the valve chamber and having an out- 
let port; 

c) a piston disposed within each valve chamber 
and having a front surface in fluid communica- 
tion with the pressure chamber, a t)ack surface, 
a side surface, a first bore and a second bore, 
wherein the first bore forms a passageway 
extending from an inlet formed in the piston 
side surface to an outlet formed in the piston 
front surface and the secorxJ bore forms a pas- 
sageway extending from an inlet formed In tiie 
piston side surface to an outlet coupled in fluid 
communication with the first bore, the piston 
being movable within the valve chamber 
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between an open position wherein the second 

bore Inlet is in fluid communication with the 

valve chamber inlet port and the first bore out 
let is in fluid communication with the valve 
chamber outlet port, and a closed position 5 
wherein the second bore inlet is in fluid com- 
munication with the valve chamber outlet port 
and the first port outlet is sealingly closed; 

d) means associated with each valve chamber 

for yieldably biasing each piston toward an 10 
open position within the valve chamber, 
wherein the means provides a predetermined 
force, which, when overcome by the force 
exerted on the piston front surtece by the pres- 
surized fluid within the pressure chamber, ena- is 
bles movement of the piston within the valve 
chamber from an open position toward the 
closed position; 

e) a first conduit operatively associated with 
each housing, each first conduit having an inlet 20 
end coupled in fluid communication with the 
pressure chamber inlet port and an outlet end; 

f) a one-way pressure relief valve operatively 
associated with each first conduit which prohib- 
its the fbw of fluid through the first conduit to 2S 
the pressure chamber, and permits, when 
desired, the flow of pressurized fluid from the 
pressure chamber through the first conduit and 
out the outlet end of the first conduit; 

g) a first seal means operatively associated 30 
with each valve chamber for preventing tiie flow 

of inflation fluid to a portion of the valve cham- 
ber extending between the piston back surface 
and the housing back wall interior surface; and 

h) a second seal means operatively associated 35 
with each valve chamber for cutting off the flow 

of inflation fluid from the inflation/deflation 
device output port and into the balloon when 
the piston is in the closed position. 

40 

12. The apparatus according to claim 11, wherein the 
reservoir chamber further includes a plurality of 
inlet ports, each resen^oir chamber inlet port being 
coupled in fluid communication with the outlet end 
of a separate first conduit. 45 



15. The apparatus according to daim 11, wherein the 
second seal m eans associated with each valve 
chamber comprises a pairof TesllientO^'Ings cou- 
pled along the length of the piston side surface 
between the piston front surface and the piston sec- 
ond bore inlet such that the 0-rings form fluid tight 
seals between the piston side surface and the valve 
chamber side surface at positions immediately 
adjacent the proximal and distal sides of the valve 
chamber inlet port when the piston is in the closed 
position. 

16. The apparatus according to claim 11, further com- 
pnsing a vent port formed in each vaive chamber for 
venting the portion of the valve chamber extending 
between the piston back surface and the interior 
surfeice of the housing back wall when the piston 
moves between the first position and the second 
position. 

17. The apparatus according to claim 11. further com- 
prising a stop means operatively associated with 
each valve chamber for preventing the piston from 
moving within the valve chamber beyond the dosed 
position toward the interior surbce of the housing 
back wall. 

18. The apparatus according to daim 17, wherein the 
stop means comprises a protrusion extending from 
the valve chamber side surface. 

19. The apparatus according to claim 1 1 , wherein each 
housing comprises: 

a) a body having a front wall, an open back 
end. and a side wall, the body including a pres- 
sure chamber positioned adjacent the body 
front wall, an outlet port formed in the pressure 
chamber, a valve chamber extending to the 
open back end of the body, and an inlet port 
and an outlet port formed in the valve chamber 
side wall; 

b) a cap removably coupled to the open t)ack 
end of the body, whereby the cap forms the 
back wall of the valve chamber. 



13. The apparatus according to claim 11. wherein the 
biasing means for each piston is one or more 

- springs disposed within the portion of the valve 
chamber extending between the piston back sur- so 
fsice and the housing back wall interior surface. 

14. The apparatus according to claim 11, wherein the 
first seat means associated with each valve cham- 
ber comprises a resilient 0-ring coupled to the pis- 55 
ton side surface at a position between the piston 
back surface and the piston first bore outlet. 



20. The apparatus according to daim 19. wherein the 
cap is adjustably coupled to the open back end of 
tiie body such ttiat the valve chamber lengtii and 
tiie force exerted on the piston back surfoce by tiie 
biasing means may be varied. 

21. An apparatus for limiting the pressure of inflation 
fluid injected from an inflation/deflation device out- 
put port to a plurality of balloons associated witii 
one or more balloon cattieters, comprising: 

a) a reservoir chamber having an input port 
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adapted to be coupled in fluid communication 
with the inflation/deflation device output port, a 
plurality of inlet ports and a plurality of outlet 
ports; 

b) a pluratity of housings, each housing com- 5 
prising (1) a body having a front wall, an open 
back end. and a side wall, each body including 

a pressure chamber positioned adjacent the 
body front wall, an outlet port formed in the 
pressure chamber coupled in fluid communica- io 
tion with a separate reservoir chamber inlet 
port, a valve chamber extending to the open 
back end of the body, and an inlet port and an 
outlet port formed in the valve chamber side 
wall, wherein the valve chamber inlet port is is 
coupled in fluid communication with a reservoir 
chamber outlet port and the valve chamber out- 
let port is coupled in fluid communication with a 
balloon associated with a balloon catheter, and 
(2) a cap removably and adjustably coupled to 20 
the open back end of the body, whereby the 
cap forms the back wall portion of the valve 
chamber; 

c) a piston disposed within each valve chamber 
and having a front surface in fluid communica- 25 
tion with the pressure chamber, a back surface, 

a side surface, a first bore and a second bore, 
wherein the first bore forms a passageway 
extending from an inlet formed in the piston 
side surtoce to an outlet formed in the piston so 
front surface and the second bore forms a pas- 
sageway extending from an inlet formed in the 
piston side surface to an outlet coupled in fluid 
communication with the first bore, the piston 
being movable within the valve chamber as 
between an open position wherein the second 
bore inlet is in fluid communication with the 
valve chamber inlet port and the first bore out- 
let is in fluid communication with the valve 
chamber outlet port, and a closed position 40 
wherein the second bore inlet is in fluid com- 
munication with the valve chamber outlet port 
and the first port outlet is seaiingly closed; 

d) one or more springs disposed within each 
valve chamber for yieldably biasing the piston 45 
toward an open position within the valve cham- 
ber, wherein each spring provides a predeter- 
mined force, which, when overcome by the 
force exerted on the piston front surges by the 
pressurized fluid within the pressure chamber, so 
enables movement of the piston within the 
valve chamber from an open position toward 
the closed position; 

e) a first conduit operativety associated with 
each housing, each first conduit having an inlet ss 
end coupled in fluid communication with the 
pressure chamber inlet port and an outlet end 
coupled in fluid communication with a reservoir 



chamber inlet port; 

f) a one-way pressure relief valve operatively 
associated with each first conduit which prohib- 
its the flow of fluid from the reservoir chamber, 
through the first conduit and into the pressure 
chamber, and permits, when desired, the flow 
of pressurized fluid from the pressure chamber 
through the first conduit and into the reservoir 
chamber; 

g) a resilient 0-ring coupled to the side surface 
of each piston at a position between the piston 
back surface and the piston first bore outlet; 
and 

h) a pair of resilient O-rings coupled along the 
length of each piston side surface between the 
piston front wall surface and the piston second 
bore inlet such that the O-rings form fluid tight 
seals between the piston side surface and the 
valve chamber side surface at positions imme- 
diately adjacent the proximal and distal sides of 
the valve chanrtber inlet port when the piston is 
in the closed position. 

22. The apparatus according to claim 21 . further com- 
prising a vent port formed in each valve chamber for 
venting the portion of the valve chamber extending 
between the piston back surfeice and the interior 
surface of the housing back wall when the piston 
moves between an open position and the dosed 
position. 

23. The apparatus according to claim 21 . further com- 
prising a stop means operatively associated with 
each valve chamk)er for preventing the piston from 
moving within the valve chamber beyond the closed 
position toward the interior surbce of the housing 
back wall. 

24. The apparatus according to daim 23, wherein the 
stop means comprises a protrusion extending from 
the valve chamber side surface. 



13 



EP0988870A2 




^ 



.;-->i-- '''' " 



■1 ■ ■ 



EP0988 870A2 



O 

00 00 



to hO 




15 



''WW 



4> 



I»*4 J? > 



EP0988870A2 



O CM 
OO 00 




16 



• . sir 




EP0988 870A2 




17 




I T"' -: ' 4 '■ ' : ; 




EP0988870A2 




18 



?1 



EP0 988870 A2 




19 



EP0988870A2 




20 



¥3 



EP0988870A2 




21 



it' . _ ... 



EP0 988870 A2 




